The mycotoxin, ochratoxin A (OTA), an important nephrotoxin, teratogen and carcinogen, is mainly produced as a secondary metabolite of Aspergillus and Penicillium species. The mycotoxin is a common contaminant of various feedstuffs and of foodstuffs such as grains, coffee and wine. The levels of OTA have been established in 122 South African wines, representative of a variety of wine cultivars from various wine-producing regions of the country. The method of analysis was based on the method of Visconti et al. (1999): it consisted of immunoaffinity clean up, quantification on reversed phase HPLC with fluorescence detection and confirmation of the presence of OTA by synthesising its methyl ester. The levels of OTA of most of the red and white wines were substantially lower than the maximum permissible levels of OTA in wines, as suggested by the European Union. However, high levels of OTA were found in a few noble late harvest wines. This first comprehensive survey unambiguously shows that OTA presents no cause for concern to the South African wine industry.
Ochratoxin A (OTA) (Fig. 1) , an important mycotoxin, is produced by various Penicillium and Aspergillus species. It causes kidney diseases such as Danish porcine nephropathy in pigs and nephropathy in poultry (Vander Merwe et al., 1965; Krogh et al., 1988) . OTA is also associated with similar diseases in humans including Balkan Endemic Nephropathy in the Balkan countries and ulinary tract tumors in countlies in North Africa Creppy, 1999) . The mycotoxin has been detected in various foodstuffs such as dlied fruits, coffee, maize, sorghum, wheat, pulses and wine (Marquardt & Frohlich, 1992; Steyn & Stander, 1999) . OTA has been detected in the blood of more than 70% of the people tested in certain countlies, indicating widespread consumption of contaminated foods and that the toxin has a very long half-life in animals and possibly also in humans (Petkova-Becharova et al., 1988; Breitholtz et al., 1991; Creppy et al., 1991; Bacha et al., 1993; Uedo, 1998; Thuvander, et al., 1999) . This supposition was confirmed by the recent observation of Stander et al. (2001a) that the elimination half-life of OTA in monkeys was 19-21 days.
The suggested maximum tolerable level for OTA intake for an adult human is 5 ng/kg bodyweight per day (JECFA, 1995) . The European Union suggested a maximum permissible level of OTA in wine as 200 pg/mL. Surveys done in various European countries over the past five years on the occurrence of OTA in various foodstuffs reported low levels of OTA in wine on their retail markets (Burdaspal & Legarda, 1999) . The data indicated that an average person (60 kg) who consumes 156.8 mL red wine per day would derive approximately 1-2.8% of the daily allowable OTA intake from that source. In such circumstances wine contributes only to a small extent to the daily allowable OTA intake. However, Wolff et al. (2000) found in a comprehensive study of German foods and liquors that wine and champagne may be the 
Chemical structure of Ochratoxin A. source of 12.5% of the daily OTA intake, compared to a variety of breads as 35.6% of the source of OTA in Germany.
The highest levels of OTA were found in wines from North Aflica and some of the Southern European countlies. The highest levels of OTA detected by Zimmerli & Dick ( 1996) were found in wine produced in North Africa (three wines contained OTA at levels of 194, 292 and 388 pg/mL). These higher levels may be asclibed to either the hotter, more humid climates of these countlies or to different wine-producing practices (Zimmerli & Dick, 1996) . This observation was confirmed by Majerus & Otteneder (1996) and again recently by Otteneder & Majerus (2000) , who found higher levels of OTA in wine from Southern European regions than in the wine from Northern European regions. Two unspecified South African wines were also analyzed in the study by Zimmerli & Dick ( 1996) and found to contain OTA at levels of 24 and 81 pg/mL). The question remains whether these differences in OTA levels are caused by the different soils, climates and cultivars or by different wine-producing techniques. In a recent study of Portuguese wines no OTA was observed in any of the port wine or Vinho Verde samples (Festas et al., 2000) . In a comprehensive study of European wines Otteneder & Majerus (2000) found that the red wine samples from the northern cultivating area showed a contamination of 12% in contrast to those from the southern area that showed a contamination of about 95%. In a related study Larcher & Nicolini (2001) investigated the levels of OTA in wines ofTrentino, a cool climate region of Northern Italy; they reported only very low levels of OTA in wines and musts. The investigations confirm the importance of production region, ambient temperatures and humidity on the development of OTA in grapes and the wine-making process.
The results reported (Zimmerli & Dick, 1996; Ospital et al., 1998; Burdaspal & Legarda, 1999; Visconti et al., 1999) found higher levels of OTA in red than in white wines. The higher levels of contamination may be ascribed to the fact that at the beginning of infection the fungi grow at the outside of the grapes, and in the production of red wines the longer contact of the must with the skins of the grapes will extract more OTA. Zimmerli & Dick ( 1996) found that OTA is formed prior to alcoholic fermentation; therefore, fungal contamination and OTA formation can occur in the vineyards or while the grapes are being transported or during storage. When the grapes are in a more advanced stage of fungal infection, OTA occurs throughout the fruit, leading to similar levels in white and red wine (see results on noble late harvest). Penicillium species produce OTA over a temperature range of 4-31 °C, whereas Aspergillus species prefer higher temperatures (12-39°C). Storing the grapes at low temperatures may thus reduce the production of OTA during storage. Vines under physiological stress (due to drought, excessive water and cold weather) are also more susceptible to fungal infections. Another possible cause of OTA formation is the storage of wines in old wooden barrels, in which case the fungal contamination may have occurred owing to improper barrel sanitation.
OTA is a remarkably stable compound that can only be completely hydrolysed by heating under reflux for 48 h in 6 M hydrochloric acid (Van der Merwe et al., 1965) . The adsorption of OTA to activated carbon (or silica gel followed by gelatin) causes a decrease of OTA of more than 50%. "Toxical" (a mixture of activated carbon and silica gel) followed by gelatin could be used to remove >90% of the OTA (Dumeau & Trione, 2000) . However, activated charcoal also removes beneficial substances like anthocyanins and flavonoids from the wine. OTA can also be hydrolysed to the less toxic ochratoxin a and phenylalanine by enzymes like carboxypeptidase A (Doster & Sinnhuber, 1972; Stander et al., 200lb) , lipases (Stander et al., 2000a) and certain yeasts, such as Rhodotorula, Cryptococcus and Pichia species (Steyn et al., 2000) .
The objective of this analytical study was to determine the levels of OTA in several South African wines, as well as to explore any regional and/or cultivar influences.
MATERIALS AND METHODS

Analytical method
The method of Visconti et al. (1999) was used for the analysis.
Clean up
Wine samples (25 mL) were diluted with a solution (25 mL) containing polyethylene glycol8000 (1% m/v) and sodium bicarbonate (5% m/v). The diluted extract was filtered through micro-fibre filter paper and transferred to a glass syringe barrel (10 mL) fitted to an immunoaffinity column (Vicam). The remaining diluted extract was kept at -20°C in a sealed container. The filtered diluted extract was passed through the immunoaffinity column at one drop per second until air came through the column. A saline solution (5 mL, 2.5% sodium chloride and 0.5% sodium bicarbonate) followed by distilled water (5 mL) was passed through the column at 1-2 drops per second until air came through. The fraction containing OTA was eluted from the column with methanol (2 mL, HPLC grade) at a flow rate of 1-2 drops per second, after which the eluant was evaporated to dryness under a stream of nitrogen at 60°C. The extract was reconstituted in the HPLC mobile phase (250 f.!L) and injected onto the HPLC (Fig. 2) . After HPLC analysis the remaining extracts of the samples, which tested positive for OTA, were immediately evaporated to dryness in a stream of nitrogen at 60°C, and the methyl esters of OTA prepared as confirmation.
High-Peiformance Liquid Chromatography
A Waters 2690 system fitted with a fluorescence detector, thermostatic column compartment, auto sampler and Millennium software was used. The excitation wavelength was set at 331 nm and the emission wavelength at 460 nm. Separation was achieved on a C18 reversed phase column (4.6 mm x 150 mm, 5 f.!m, Discovery, Supelco, Bellefonte, PA, USA) at 30°C, employing an isocratic mobile phase of methanol/water/acetic acid (60:40:2), an injection volume of 50 f1L and a flow rate of 1 mL/min.
Confirmation of OTA in wine samples
The dried wine extract (after HPLC analysis) was reacted with boron trifluoride methanol complex (0.5 mL, 20% solution in methanol, supplied by Merck) for 30 minutes at 60°C. The sample was evaporated to dryness under a stream of nitrogen at 60°C, reconstituted in the HPLC mobile phase (250 f.!L) and injected as an aliquot (50 f.!L) onto the HPLC. The appearance of a peak (retention time 16 minutes) corresponding to the retention time of the methyl ester of OTA and the disappearance of the OTA peak (retention time 11 minutes) were regarded as confirmation of the presence of OTA in the sample (Fig. 3) .
Reference Standards
OTA was extracted from Durum wheat inoculated with Aspergillus ochraceus (Stander et al., 2000b) . OTA was recrystallised from chloroform and its purity and identity were confirmed by the melting point, 600 MHz NMR spectroscopy and HPLC analysis. A stock solution was prepared from OTA (5.5 mg/mL methanol), the concentration of which was confirmed by UV spectroscopy. The stock solution was kept at -20°C. An external calibration curve for OTA was prepared daily. The limit of detection for OTA was determined to be 0.003 ng (at SIN 1:3) and the limit of quantification (at SIN 1: 10) as 0.01 ng per injection. The recovery of the OTA varied between wines; the percentage recovery was 98 ± 5% for red wine (Pinotage cultivar) at a spiked level of 48 pg/mL (n=6). The reproducibility of the method was better at higher levels with a %RSD of 2.2 (n=6) at a level of 104 pg/mL spiked red wine.
RESULTS AND DISCUSSION
Two separate studies were undertaken to determine the levels of OTA in South African wines: a preliminary study of the levels of the OTA in wines from the medium to low price ranges obtained from local retail stores (Table 1) (Tables 2 and 3) .
Wines were selected to be representative of the different wine regions and the different cultivars that are produced in South Africa. A perusal of Tables I to 3 shows that the majority of wines had levels of OTA well below the guideline of the European Union for the maximum permissible level of OTA in wine (200 pg/mL). None of the different cultivars or wine-producing regions had markedly higher OTA levels, with the exception of noble late harvest wines. The high levels of OTA in noble late harvest wines may be attributed to the natural exposure of the older grapes, used in the production of these wines, to noble rot (Botrytis) and possibly some toxinogenic Penicillium and Aspergillus fungi.
It is of interest to note that the values of OTA in wines reported in the preliminary study were slightly higher than those in the second study; the observation may be associated with the differences in the quality of the grapes and the wine-producing practices.
CONCLUSIONS
This paper reports on one of the most comprehensive studies ever undertaken into the occurrence of OTA in wine in one country. Wines derived from the main cultivars and wine-producing regions in Africa were included in the study. No regional influence was observed, although slightly higher levels of OTA occurred in the less expensive wines and in the few samples of noble late harvest wines. The South African red and white wines contained similar levels of OTA; however, researchers from the wine-producing areas of Western Europe reported that their red wines contained slightly higher OTA levels than their white wines.
This first study clearly shows that there is no apparent problem associated with the level of OTA in South African wines. However, the results obtained warrant further investigations into the factors influencing the occurrence of OTA in South African wines, e.g. the microbiological origin of OTA in local wines; the physiology of the toxinogenic fungus/fungi involved; the effect of seasonal and agricultural conditions; the stage of the specific microbiological infection of grapes and/or must; the rate of OTA production on the grapes and/or on the must; the rate of the decomposition of OTA during barrel or bottle maturation as well as during the storage of wines.
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